Background: Liver resection for colorectal liver metastasis (CRLM) represents a valid therapeutic option. It can offer a chance of good long-term survival, with a 5 year survival of 25-40%. Recent studies have shown that achieving a minimum of 1 cm surgical margin is not essential for long-term survival, and a microscopic free liver resection margin can be sufficient. The aim of this study is to evaluate the impact of the resection margin on recurrence, disease free survival and the overall survival. Materials and Method: All the primary liver resections with curative intention for CRLM at our surgical division between 2000 and 2010 were retrospectively reviewed. The liver resection margins were stratified according to their width. The positive and negative prognostic factors were analyzed in a univariate analysis. Results: A total of 130 patients met the study inclusion criteria. Twenty-four patients underwent major hepatectomies, while 106 patients underwent minor hepatectomies. On statistical analysis, surgical margin width (p=0.045), advanced age (p<0.001), metachronous metastasis (p=0.018) and multiple tumours (p=0.019) were associated with lower long-term survival rates. In addition, advanced age (p=0.0004), rectal tumour (p=0.004), metachronous metastases (p=0.026), multiple tumours (p=0.017), lower width in surgical margin (p=0.002) were linked to a reduced disease-free survival. Conclusion: Our study confirms that the extent of the resection margin is a powerful factor influencing prognosis after hepatectomy for CRLM. According to our experience, resection margin width is significantly associated with a higher risk of intra and extra-hepatic recurrence and less disease-free survival. However, the impossibility of achieving a resection margin greater than or equal to 10 mm should not be considered as a contraindication to surgery.
INTRODUCTION INTRODUCTION
Liver resection for colorectal liver metastasis (CRLM) can offer a chance of good long-term survival, with 5-year survival rates of 25-40% having been reported in the literature (1) (2) (3) (4) (5) .
Dukes stage, preoperative serum concentration of carcinoembryonic antigen (CEA), size and number of liver metastases, as well as disease-free interval between resection of the primary tumour and diagnosis of liver metastases are commonly considered the most relevant prognostic factors affecting long term survival after liver resection. The extent of surgical resection margin remains, however, a controversial topic.
Several studies showed that a resection margin of less than 1 cm liver for CRLM is a poor prognostic factor, as it is associated with a higher rate of intrahepatic disease recurrence (6) (7) (8) . For this reason, the surgical inability of achieving a margin of 1 cm was considered a contraindication to liver resection in many centers (3, 9 -11) .
Recent studies have shown that achieving a surgical margin of at least 1 cm is not essential for long-term survival (12) (13) . Consequently, many authors, even more recently, advocate for liver resection in any case, as long as the surgical margin is free from microscopic disease (14) (15) .
The aim of this study is to evaluate the impact of the resection margin, stratified according to its width, on recurrence, disease free survival and the overall survival.
MATERIALS AND METHODS MATERIALS AND METHODS
Between 2000 and 2010, all patients who underwent primary liver resection for CRLM with curative intent in two surgical units were retrospectively reviewed. The data was obtained by retrospective review of clinical records and recent follow up was provided by patients or their care-givers' telephone contact.
The following aspects were collected for each patient: demographics, primary tumour location, tumour biology, nodal involvement, size, number and distribution of metastases, type of metastasis (synchronous or metachronous), disease-free interval (between primary tumour resection and liver metastasis diagnosis) in the case of metachronous metastases, type of liver resection, and preoperative CEA.
The surgical resection margin was defined as the minimum distance between the transection area and the nearest lesion of the resected specimen.
Before each surgical procedure, every patient underwent a thorough medical history, physical examination, abdominal ultrasound and computer tomography, and/or magnetic resonance.
Patients were considered candidates for hepatectomy when it was possible to perform a R0 resection, leaving a sufficient volume of functional residual liver (at least 30% non-tumoural parenchyma).
Liver resections were defined according to the Couinaud's anatomic classification of the liver (16) .
The resection of 3 or more liver segments and complex liver resections (such as caudate lobe resection) were classified as major hepatectomy.
The width of the resection margin was either measured during an intraoperative pathological examination on a frozen section and reported in the database or evaluated from the final pathological report. Microscopically, the resection margin invaded by the disease was classified as positive (R1 resection), while the disease-free margin was classified as negative (R0 resection). Negative resection margins were divided into 4 subgroups according to their width:
• th subgroup: ≥ 10 mm. The pattern of the metastatic recurrence was subdivided into extrahepatic or hepatic, and the site of liver recurrence was classified as "surgical margin" or "other intrahepatic site".
The positive and negative prognostic factors were analysed in a statistical analysis.
The overall survival rate and the disease-free survival rate were calculated using the Kaplan-Meier method. The chi-square test was used to compare the proportions. The significance level was defined as p less than 0.05. The Statistical Analysis was conducted using In-Silico Statistical Calculators and SPSS 16.0.
RESULTS RESULTS
Out of a total of 210 patients who underwent primary hepatectomy with curative intent for CRLM at the P.O. Gaspare Rodolico of Catania and at Catania Humanitas Oncology Center, 130 were included in this study. Eighty patients were excluded from the study: 61 patients because of lacking follow up data, and 19 patients because they did not consent to the use of personal data. There were 77 males (59.23%) and 53 women (40.77%), with a mean age of 65 years (range 35 to 85 years). The primary tumour was originating from the colon in 80 patients and from the rectum in the remaining 50. Forty-two patients (33 The statistical analysis of the free margin in relation to survival and disease-free interval is described hereafter. Many biological and technical factors have been tested for predicting global and disease-free survival rates (tables 2 a -b).
Patients were divided into two groups: patients with tumour infiltration or residual microscopic disease (R1 hepatic resection), which is 3.85% of the total number of patients, and patients with no microscopic residual disease and no tumour infiltration (R0 hepatic resection).
Patients with R0 hepatic resection were stratified according to margin size: margin greater than or equal to 10 mm (57.9% of patients), 5-9.99 mm (12.3% of patients), 3-5.99 mm (16.15% of patients), less than or equal to 2 mm (10% of patients).
The overall survival rate at 5 years was 32.30%, while the 5-year disease free survival rate was 25.38%. The rate of recurrence is inversely correlated to the size of the surgical margin.
On univariate analysis, surgical margin width (p = 0.045), advanced age (p <0.001), metachronous metastases (p = 0.018), multiple tumour (p = 0.019) were associated with lower long-term survival rates.
In addition, advanced age (p = 0.0004), rectal tumor (p = 0.004), metachronous metastases (p = 0.026), multiple tumours (p = 0.017) and lower width of surgical margin are related to a reduced disease free-survival.
In patients with R1 resections, overall survival rates at 5 years and disease-free survival are, in both cases, 0. In our experience, the width of the surgical margin continues to have a significant impact on overall and disease-free interval (1) . Figures 1 and 2 show the rates of overall and disease-free survival, respectively, for patients with R0 resection, stratified according to the width of the surgical margin. The evaluation of parameters for each margin width class confirmed the predominant role of the resection margin width on the disease-free margin.
DISCUSSION DISCUSSION
Hepatic resection is still commonly defined as the only treatment able to offer a long-term survival opportunity in patients with CRLM (1). Literature reports an increase in survival from 7.7% to 41.33% after resection. It is important to remember that neoadjuvant chemotherapy has been increasingly used over the years; new chemotherapeutic drugs, such as oxaliplatin, irinotecan, bevacizumab have recently been introduced with promising results (2) .
In the past 20 years, a multitude of studies have investigated the prognostic significance of several clinical and pathological factors in patients who had undergone hepatic resection of colorectal metastases. Among all factors, width of resection margin is an important variable, only partially depending upon the surgeon. In many circumstances the distance between the metastasis and the bilio-vascular structures that have be preserved for the planned hepatectomy prevents the surgeon from obtaining a wide margin. This is becoming a routine scenario in the era of complex liver resections of multiple and bilateral liver metastases, often down-staged to surgery after neoadjuvant chemotherapy. Several studies have shown that such complex hepatectomies are associated with a higher risk of close resection margins (1-3).
R0 vs R1
Many authors have shown that a positive resection margin after hepatectomy for CRLM is associated with a higher incidence of recurrence and lower survival rates (3, 8, 10, 12, (17) (18) (19) . Yamamoto et al. (1999) have shown that a R1 surgical margin had an adverse effect on survival. However, due to the fact that it was strongly associated with the number of resected metastases, it was not an independent prognostic factor in multivariate analysis (17) .
Conversely, have shown that a positive surgical margin is an independent factor of poor survival in multivariate analysis (18) .
Patients with a positive margin often have other adverse biological factors and the cause of their poor long-term survival is still unclear. (17) (18) (19) .
Margonis GA et al (2015) stratified 332 patients who underwent CRLM liver resection in three groups based on their margin status: R0, R1, and R1 → R0 conversion. Differences in median survival, recurrence rates and patterns were not significant between the three groups (P > 0.05). The authors conclude that in the era of modern systemic chemotherapy, it seems that the impact of margin status on outcomes may be minimal compared to that of patient and tumour factors. In this scenario, margin re-resection to achieve R0 status does not improve long-term outcomes (20) . Makowiec F et al (2017) , analysed 334 patients with first-time hepatic resection for isolated CLM. Thirty-two percent had neoadjuvant chemotherapy (targeted therapy in 42%). According to the authors the hepatic margin status still remains the strongest independent prognostic factor. (p < 0.001). According to the authors this effect was also present after neoadjuvant chemotherapy for CRLM (21). were identified as risk factors in multivariate analysis. R1 resection still remained a negative prognostic factor impacting overall and disease-free survival, with 1-, 3-, 5-year OS at 94, 81, and 70% in R0 and 92, 75, and 58% in R1, respectively, (p = 0.008). R1 also negatively influenced and disease-free survival (DFS) with 1-, 3-, 5-year survival of 64, 41, and 28% in R0 versus 51, 28, and 18% in R1 (p = 0.0002), respectively. The authors conclude that R1 resection still impacts overall and disease-free survival negatively (23) .
Detachment of CLMs from vessels has been proposed to prioritize parenchyma sparing and increase resectability.
Viganò L et al (2016) evaluated the adequacy of R1 resections, analysing 627 resection areas in 226 consecutive patients. R1Parenchimal resection is not adequate for CLMs. Conversely R1Vascular (detachment from intrahepatic vessels) surgery achieves outcomes equivalent to R0 resection (24) .
R0: which resection margin width?
Some authors have emphasized the need to achieve a surgical margin greater than 1 cm during liver resection for CRLM. However, the results of these studies were often limited by the lack of a precise estimate of the width of the surgical margin when this was less than 1 cm (7 -10).
Elias et al (1998) have shown that a free margin of just less than 1 cm did not have a significant impact on survival, although a trend existed for more prolonged survival with a margin of 3 mm to 9 mm; in multivariate analysis, a powerful prognostic factor was a free margin greater than 9 mm (8).
Wray et al. (2005) evaluated 112 patients (67 men and 45 women) who underwent liver resection for colorectal metastases with negative margins. The authors divided patients into 3 groups (0.5 cm, 0.5 to 1 cm and 1 cm) and demonstrated that the extent of the resection margin is a powerful prognostic factor after liver resection for CRLM (4).
Hamady et al. (2006) evaluated 293 consecutive patients who underwent primary liver resection for colorectal metastasis. They showed that the amplitude of the resection margin does not affect the percentage of postoperative recurrence and there was no significant difference in survival rates between patients with a margin of 1 mm and those with a margin of ≥ 2 mm. The authors state that the '1 cm rule' should be abandoned (18) .
Muratore et al (2010) identified 314 patients who had undergone hepatectomy for CRM from a prospectively maintained institutional database (1/1999 -12/2007 ).
In their study, the width of the negative resection margin (≤ 1 cm versus > 1 cm) was not a prognostic factor of worse RFS (30.2% versus 37.3%, P = 0.6).
Node status of the primary tumour, as well as size and number of CRM were independent predictors of RFS. The authors conclude that tumour biology and not the width of the negative resection margin affect RFS (25) .
More recently Postriganova N et al (2014) divided 155 eligible patients who underwent laparoscopic liver resections into 4 groups [Group 1, margins of < 1 mm (n = 33, including 17 patients with positive margins (Group 1a)]; Group 2, margins of 1 mm to < 3 mm (n = 31); Group 3, margins of ≥ 3 mm to <10 mm (n = 55), and Group 4, margins of ≥ 10 mm (n = 36). According to their data, patients with margins of <1 mm achieved survival comparable with that in patients with margins of ≥ 10 mm. When modern surgical equipment that generates an additional coagulation zone is applied, the association between resection margin and survival may not be apparent (26) .
Angelsen JH et al (2014) published a combined retrospective (1998 to 2008) and prospective (2008 to 2010) cohort study of patients who underwent primary resection of CLM. Patients were stratified according to margin width; A: R1, <1 mm (n=48, 19%), B: 1 to 4 mm (n=77), C: 5 to 9 mm (n=46) and D: ≥10 mm (n=71). R1 resections for colorectal liver metastases predict adverse outcome. RMs below 5 mm increased the risk for LR and shortened the time to recurrence. Preoperative chemotherapy did not alter an adverse outcome in R1 vs. R0 patients (27) . Sadot E et al (2015) studied the relationship between resection margin and OS utilizing high-resolution histologic distance measurement. 2368 patients were included in the current study on total of 4915 liver resections were performed at Memorial Sloan Kettering Cancer Center between 1992 and 2012. R1 resection was defined as tumour cells at the resection margin (0 mm). R0 resection was further divided into 3 groups: 0.1 to 0.9 mm, 1 to 9 mm, and 10 mm or greater. Resection margin width is independently associated with OS. The authors state that wide margins should be attempted whenever possible. However, resection should not be precluded if narrow margins are anticipated, as submillimeter margin clearance is associated with improved survival (28) .
Margonis GA1,2 et al (2017) evaluated the impact of margin width on overall survival (OS) relative to KRAS status [wild type (wtKRAS) vs. mutated (mutKRAS)]. R1 resection was defined as margin clearance less than 1 mm. R0 resection was further divided into 3 groups: 1-4, 5-9, and ≥10 mm. While a 1-4 mm margin clearance in patients with wtKRAS tumors was associated with improved survival, wider resection width did not confer an additional survival benefit. In contrast, margin status, including a 1 cm margin, did not improve survival among patients with mutKRAS tumours (29) .
These controversial results available in the literature may be explained by the fact that not all of these studies stratify patients according to the width of the resection margin (when this was less than 1 cm) with a high resolution measure. Moreover, not all these studies specifyied or compared different methods of liver parenchyma dissection, not all included multivariate analyses, not all distinguished relapse recurrences at the resection margin and relapsed at other intrahepatic site. Often they also did not include other adverse biological factors that may have influenced the prognosis (17) (18) (19) .
The present study evaluates prognosis after hepatic resection according to the 4 different margin width classes. In our experience the percentage of patients with a positive resection margin (resection R1) is 3.84%; within this group the overall survival rates and 5-years disease free survival rates are 0 (tables 2 a -b) .
In the univariate analysis, the reduced width of the surgical margin was significantly associated with a lower overall survival rate, together with the older age of 60, synchronous metastases and multiple tumours. (table 2 a) Moreover, in our experience, the reduced width of the surgical margin, rectal cancer, synchronous metastases and tumour number were significantly associated with a worse 5-year disease-free survival rate (table 2 b) .
Patients in the present study were operated with the aim to obtain, whenever possible, a tumour free margin greater than or equal to 1 cm. However, the inability to achieve a margin of 1 cm was not considered a contraindication to hepatic resection for CRLM.
Indeed, 57.69% of patients had a margin greater than or equal to 1 cm, while in 38.46% of the patients a margin of less than 1 cm was achieved.
All clinical and pathological factors associated with the different margin dimensions were evaluated to more thoroughly verify the results obtained in the univariate analysis. Significant correlation has been demonstrated between the reduction of the diseasefree margin and the free interval of disease less than 12 months (defined as the period between the appearance of the primary tumour and the diagnosis of liver metastases) (table 3) .
In this study, the width of the surgical margin is a powerful prognostic factor after hepatectomy for CRLM. A resection margin of less than 10 mm is associated with a higher risk of recurrence on the surgical margin, with a lower overall survival rate and disease-free survival rate.
One possible criticism of our study is that data are based on a multicentric retrospectively maintained database. Moreover we did not include all patients who had undergone hepatic resection for colorectal metastases in the study period. However, there was no selection of patients who could enter the study except of those excluded because follow up was lacking. It is conceivable that, due to the large number of patients, the study population is representative of our entire cohort of patients. One more criticism could be found in the multicentric sample of patients. Different surgeons may apply different techniques, different methods of liver parenchyma dissection and different sources of energy. One of the strengths of the study is that all patients included in this study had detailed revision of follow-up and almost all patients have imaging studies to document exactly the time and site of recurrence.
CONCLUSION CONCLUSION
In conclusion, this study confirms that the extent of the resection margin is a powerful factor influencing prognosis after hepatectomy for CRLM. A resection margin of less than 10 mm is significantly associated with a higher risk of intra and extra-hepatic recurrence and less disease-free survival. These findings confirm that surgery is still the only valid therapeutic option for these patients. The impossibility of achieving a resection margin greater than or equal to 10 mm should not be considered as a contraindication to surgery. In fact, as shown in our analysis, the global survival and the 5 years free survival is related not only to the disease-free margin but also to other factors (age, type and number of metastases, the site of the primary tumour). Correct and well-planned surgical technique in a multidisciplinary strategy currently plays a major role. Maximising tumour shrinkage increases the chances of radical resection and this is the most important variable conditioning survival independently of other prognostic factors (30) (31) (32) (33) (34) (35) (36) . Nowadays, in the era of FOLFOXIRI + bevacizumab, even secondary liver resections should be considered a chance of cure for a subgroup of metastatic colorectal cancer patients with unresectable liver-limited disease (37) .
